INTRODUCTION
European Commission has established that only 68% of bird, 62% of pig, 54% of cattle and 52% of sheep or goat mass is used in food production. Each year, European Union (EU) produces more than 15 million tons of animal by-products. Animal by-products are used to produce gelatin, animal feed, cosmetics, medicines and diagnostic medical devices. As subproducts of animal origin are rich in proteins, after certain processing they could be used as nitrogen source in the process of growing different plants (Swisher, Research has shown that fertilizers of animal origin resulted in increased amounts of nitrogen in soil superior to those produced by fertilizers of plant origin; however, larger rates of these fertilizers significantly increased the amount of NH 4 + in soil which resulted in temporary decrease of biomass of microorganisms (Cayuela et al., 2009 ).
Bone tissue in soil decomposes significantly more slowly than other animal subproducts suitable for application as fertilizers. Fertilizers and soil conditioners made from animal bone tissues could be used as slow-release nitrogen fertilizers. In slow-release nitrogen fertilizers nutrients are gradually released therefore decreasing the extent of leaching and improving efficiency of nitrogen usage. It is rather complicated to research biodegradability of organic materials and release of mineral nitrogen into soil because the amount of mineral nitrogen changes due to other factors as well. Accumulation of mineral nitrogen and its dynamics in soil depends on soil texture, humus, conditions of plant vegetation period, type of plant grown, agricultural technologies, mineral and organic fertilizers used, their rates and method of application (Mary et There is a continuous metabolism going on in soil and due to biochemical processes taking place in soil residues of animal and plant origin are decomposed to simpler organic derivatives and mineral compounds which in their turn repeatedly get into metabolic cycle of nutrients (Kandeler, Gerfried, 1993; Grigaliūnienė et al., 2003) . To provide themselves with energy and elements of nutrition, microorganisms require a certain ratio of materials for building their tissue. When amounts of organic and mineral materials change in soil, an increase or decrease in numbers of micro organisms as well as succession of their breeds are observed (Cavigelli et al., 1998; Brady, Weil, 1999; Bending et al., 2002; Bengtson et al., 2003) . Microorganisms of many different physiological groups take part in decomposition of organic materials. In the beginning stages of degrading organic residues spores non-forming bacteria take part, later spore-forming bacteria join in and finally micromycetes (Lukošiūnienė et al., 1997; Montgomery, 1998) .
The amount of mineral nitrogen in soil changes noticeably throughout the year, depending on the qualities of the soil, agrotechnology used, fertilization and meteorological conditions. In spring, when temperature rises, more intensive mineralization and nitrification take place as a result of which a sharp increase in the amount of non-organic nitrogen is observed. If this increased amount of nitrogen corresponds in time to the needs of agricultural plants, they manage to appropriate it. The process of mineralization becomes more active as the soil gets warmer and reaches 10 °C and it is at its most intensive pace during the summer with the greatest amounts of nitrogen produced at soil temperature of 25-35 °C (Nicolardot et al., 1994) .
In 2001-2004 at the Vėžaičiai branch of the Lithuanian Institute of Agriculture experiments on prevalence of microorganisms participating in transformation of nitrogen in soil were carried out. The possible nitrate depression was determined in June while valuating the succession of microorganisms transforming nitrogen compounds. The activity of microorganisms was high and the content of nitrogen was low. Later on, after 10-15 weeks of plant vegetation (in July-September), the content of nitrogen in the soil increased again. At the end of the period plant vegetation stops. Moreover, a decrease of microorganisms was determined. Therefore, the possibility of nitrate pollution occurs 20 weeks following the beginning of plant vegetation (in September and October) (Piaulokaitė-Motuzienė, Končius, 2006) .
It is very important to predict the speed of mineralization in soil when choosing rates of fertilization in the period of vegetation for economic and environmental purposes. High levels of fertilisation reduce the possibilities to appropriate nitrogen and increase leaching of nitrates (Benbi, Richter 2002; Jagadamma et al., 2007; Mengel et al., 2006) .
There are two main factors determining transformations of nitrogenous compounds in soil. The first factor is the amount of potentially mineralizable nitrogenous compounds. It depends on the processes of mineralization-fixation, which in their turn are connected to C:N ratio in the organic part of soil. A certain kind of organic nitrogen (waste, plant residues, soil humus) is also a factor affecting the amount of potentially mineralizable nitrogen in soil. The second factor is the speed of mineralization. This factor depends on characteristics of soil, environmental conditions and the quality of organic fertilizers in soil. Humidity of soil, amount of oxygen, pH and temperature are some of the environmental conditions affecting the speed of mineralization (Schimel, Bennett, 2004) .
Fertilizers, especially nitrogen ones, are one of the means in solving problems of supplying inhabitants with food. However, ineffective use of nitrogen fertilizers may cause nitrates leach into ground water and pollute rivers as well as other water clusters (Jensen, Hauggaard-Nielsen, 2003; Dobermann, Cassman, 2004; Eisman et al., 2005) . Efficiency of nitrogenous fertilizers differs greatly throughout the years of research and is greatly dependent on the humidity and warmth in the spring and summer period. Nitrogenous fertilizers were the most efficient in wet years, while in the years of moderate humidity their efficiency declined by 30-6% and in dry years by 35-62% (Janušauskaitė, Šidlauskas, 2004) .
It has been established that hydrothermal conditions of period of vegetation are closely connected to nutrients appropriated by plants which inevitably leads to changes in chemical composition of plants (Alaru et al., 2003) .
Research carried out in south-eastern Lithuania demonstrated that decomposition speed of organic materials and migration of mineralized chemical elements in soil depend primarily on hydrothermal regime. Approx. 36.9% of annual filtration were measured at spring time while in autumn and winter soil water filtration was lower -22.8% and 26.3%, respectively. In summer time most of soil water evaporated or was assimilated by plants (Tripolskaja, Šidlauskas, 2010) .
Loss of biogenic elements due to leaching is connected not only with agrarian use of soil, but also with climatic factors, namely amount of precipitation and air temperature. Annually Lithuanian territory on average gets 675 mm of precipitation with average air temperature of 6.2 °C, which preconditions filtration of atmospheric precipitation and certain leaching of chemical elements form arable layer of soil (Galvonaitė et al., 2007) .
Research carried out at the Lithuanian Institute of Agriculture only found reliable correlation between meteorological conditions (hydrothermal regime) in vegetation period and nitrate concentration in water when growing sugar beat as well as annual and perennial grasses, while correlation with amount of ammonium in water was found when growing winter wheat, annual grasses and barley. More nitrates leached when plants of annual sowing were grown. In case of perennial plants lesser amounts of nitrates leached (Adomaitis et al., 2004).
The article is focused on mineral nitrogen dynamics influenced by horn shavings and horn core powder. Such cattle waste can be used as organic fertilizer increasing the amount of mineral nitrogen in soil. Moreover, this would solve cattle horn waste management problem.
The aim of this study was to investigate the effect of cattle horn fertilizers, such as horn shavings and horn core powder, on mineral nitrogen content in different layers of soil at different stages of ecologically grown winter wheat growth.
MATERIALS AND METHODS
Research on the effect of organic fertilizers made from biodegradable waste of cattle horns, horn shavings and horn core powder on nitrogen dynamics in soil was carried out in 2008-2010 in the organic farm of Agroecology Centre at Aleksandras Stulginskis University, Kazliškės village, Kaunas region (54°52' N, 23°51' E). In the area of research soils were characterized as silty clay loam (dp) (Endohypogleyi-Eutric Planosols -PLe-gln-w).
Powder of horn core and horn shavings are made from the waste of cattle horns, accumulated in the process of meat production in Lithuania. Fertilizers are rich in organic matter and microelements (Table 1) . (Table 2) .
Organically grown winter wheat was treated with horn shavings and horn core powder prior to sowing by cultivating it into the ground. Fertilizers were applied at a nitrogen rate of 30 kg ha -1 and in spring at the stage of tillering (BBCH 21-23) at a nitrogen rate of 50 kg ha -1 . In spring the fertilizers were spread on organically grown winter wheat, but not inserted into soil. Rates of horn shavings were spread in spring on growing winter wheat only.
During the horn fertilizer test, total (bruto) experimental site area was 40 The test was carried out in four replications. Winter wheat variety 'Širvinta 1' was sown with seed rate of 250 kg ha -1 of viable seeds. Winter wheat was grown after mixture of peas and oats for seed. No means of plant protection were used during the period of the test, plants were not treated with potassium and phosphorus fertilizers.
Soil samples to test agrochemical properties of soil (pH, phosphorus, potassium, humus and total nitrogen) were taken from the test area with a soil drill from the depth of 0-20 cm in 8-12 different test places and a composite soil sample of 500 g was created. In total, for analysis three soil samples were taken from the test area. Soil samples were taken before sowing winter wheat. Agrochemical properties were determined in the Lithuanian Centre of Agrarian and Forestry Sciences Branch Laboratory of Agrochemical Research. Soil pH KCI was determined by potentiometric method (ISO 10390), amount of active phosphorus and potassium by A-L method, humus -by the method of dry burning (ISO 10694) (amount of organic carbon X 1.724), amount of total nitrogen -by Kjeldahl method.
According to the test design, in the research site of horn shavings and horn core powder (test on forms of horn fertilizers) soil samples to determine amount of nitrogen in soil were taken with a soil drill from the depth of 0-30 and 30-60 cm in 5-8 different places of neto area in four replications. Soil samples were taken in autumn before sowing, at the stage of winter wheat tillering (BBCH 21-23) and complete maturity (BBCH 89). Amount of mineral nitrogen (N-NO 3 , N-NH 4 and N min ) was determined in the Laboratory of Environmental Sciences at Aleksandras Stulginskis University. During the research on the rates of horn shavings, the amount of mineral nitrogen was determined twice: at the tillering stage of winter wheat and at the stage of complete maturity. Tests were carried out in the Laboratory of Institute of Environment at Aleksandras Stulginskis University. The amount of mineral nitrogen was determined by colorimetric method.
The data obtained was statistically evaluated by the method of correlation and variance analysis using ANOVA and STAT_ENG. 
. This slowed down mineralization of nitrogen fertilizers in soil. The amount of mineral nitrogen in soil in spring and summer months was also affected by the amount of precipitation and air temperature. In the stages of winter wheat tillering and complete maturity in 2010 there was 109.5 mm more precipitation and the average daily temperature was by 1.42 °C higher than that at the same time in 2009. In 2010 meteorological conditions were far more favorable for horn fertilizer decomposition than in 2009 ( Figs. 1 and 2) . Horn shavings and horn core powder inserted into the soil in autumn were decomposed due to soil humidity and activity of microorganisms, resulting in the increase of the amount of mineral nitrogenous compounds. Increase was not significant as fertilizers of cattle origin are longterm fertilizers and under the effect of different factors they are decomposed slowly and nitrogenous compounds are liberated by time. Fertilizers produced from cattle horn waste decompose much more slowly than other organic fertilizers (manure, composts) and this is why in spring at the stage of winter wheat tillering no significant increase in the amount of nitrate nitrogen was observed.
In pre-sowing period treating organically grown winter wheat with organic fertilizers made from biodegradable waste of cattle horn, horn shavings and horn core powder evoked an increase of nitrate nitrogen in soil layers of 0-30 and 30-60 cm in early spring at the stage of winter wheat tillering (BBCH 21-23) compared to the amounts in autumn before sowing winter wheat (Fig. 3) .
0-30 cm layers of unfertilised soil in autumn of 2008 contained 6.88 mg kg -1 of nitrate nitrogen and in 2009 9.26 mg kg -1 of nitrate nitrogen. In spring during the period of tillering on winter wheat nitrate nitrogen in soil increased by 1.31 and 1.37 mg kg -1 respectively. Having been inserted into soil before sowing winter wheat, horn shavings and horn core powder degraded during autumn, winter and spring therefore increasing nitrogen supply in soil. Under the effect of horn shavings, nitrate nitrogen in soil increased by 1.62 and 2.39 mg kg -1 while as a result of treatment with horn core powder, there was a 1.73 and 2.83 mg kg -1 increase in nitrate nitrogen. As a result of treatment with cattle horn fertilizers, during the period of tillering nitrate nitrogen in soil increased by 0.64-0.83 mg kg -1 and 0.14-1.14 mg kg -1 or from 1% to 11% compared with unfertilised plants. This increase in nitrate nitrogen was statistically insignificant (p < 0.05). There was noticed a trend that treatment with such fertilizers results in increase of nitrate nitrogen in 0-30 layer of soil. The amount of nitrate nitrogen increased more by treating soil with horn core powder than horn shavings (Fig. 3) . (Fig. 3) .
Winter wheat use great amounts of nitrogen in their process of growth. Consequently, the decrease in the amount of soil can be observed at the end of the vegetation period. Treatment with horn shavings and horn core powder resulted in the increased yield of winter wheat and this increase had effect due to plant capability to use nutrients from fertilizers applied ( in 30-60 cm soil layer, the treatment with horn core powder resulted in 1.23-2.46 mg kg -1 increase, and the unfertilised soil had an increase of 0.36-2.36 mg kg -1 (Fig. 4) . Fertilizers compared to unfertilised winter wheat did not have essential effect (p < 0.05) on the amount of nitrate nitrogen in the soil layer of 30-60 cm during the period of winter wheat tillering.
Another research of horn fertilizers is in progress at the Centre of Agroecology in Aleksandras Stulginskis University. The results show that cattle horn fertilizers decomposed slowly and liberated nitrate nitrogen was appropriated by growing winter wheat and could not intensively leach to deeper mineral soil layers.
Comparing the amount of nitrate nitrogen in 30-60 cm soil layer at the period of winter wheat tillering and at the end of vegetation period, it was determined that in 2008-2009 its values decreased, (Fig. 4) . Comparing unfertilized winter wheat with those treated with organic fertilizers at the end of vegetation period in 2009 no essential differences in the amount of nitrate nitrogen were observed. While in 2010 the treatment with horn shavings and horn core powder resulted in essential increase of nitrate nitrogen (p < 0.05), however, if compared between themselves, the two kinds of organic fertilizers produced no essential differences. Application of horn shavings resulted in a greater increase of nitrate nitrogen than the treatment with horn core powder (Fig. 4) .
Due to damp and warm weather in spring-summer 2010, horn waste fertilizers decomposed more effectively and as a result greater amounts of nitrate nitrogen accumulated in 0-30 cm soil layer. This amount could not be fully appropriated by winter wheat and resulted in nitrate nitrogen leaching into deeper soil layer of 30-60 cm. (Fig. 5) . (Fig. 6) . In 2008-2009 application of horn shavings resulted in a significantly greater amount of ammonium nitrogen in soil (p < 0.05) than in the unfertilised site as well as in the site fertilized with horn core shavings. Comparing the amount of ammonium nitrogen in soil in tillering stage with its amount at the end of vegetation period it can be seen that the amount of ammonium nitrogen in 30-60 cm layer of soil decreased. In 2009-2010 during vegetation period horn core shavings resulted in a significant increase in the amount of ammonium nitrogen than it was found in unfertilized site and in 2008-2009 no significant differences in the amount of ammonium nitrogen were found (Fig. 6) .
The treating organically grown winter wheat with organic fertilizers made from biodegradable waste resulted in the increase of mineral nitrogen in soil layer of 0-30 cm (Fig. 7) . In spring in tillering stage (BBCH 21-23) there was 1.75 and 1.47 mg kg -1 of mineral nitrogen in unfertilised soil. Soil with horn shavings had 2.58 and 2.66 mg kg -1 more nitrogen than before sowing, while application of horn core powder resulted in mineral nitrogen increase of 2.26 and 3.22 mg kg -1 . In different years under the effect of soil mineral nitrogen in winter wheat tillering stage there was an increase of 1.12-1.27 mg kg , application of horn core powder resulted in decrease of 2.17-3.26 mg kg -1 , while unfertilised sites had a decrea se of 1.14-3.3 mg kg Comparing fertilizers between themselves no significant differences were found. Application of horn core shavings resulted in a greater increase than application of horn core powder (Fig. 7) .
Comparing the amount of mineral nitrogen in tillering stage (BBCH 21) with its amount in 30-60 layer of soil found in autumn it was determined that application of horn shavings increased the amount of mineral nitrogen by 1.61-4.31 mg kg (Fig. 8) . (Fig. 7) , in 2009-2010 none interrelationship was weak (r = -0.02) (Fig. 8) . 
CONCLUSIONS
Organically grown winter wheat treated with fertilizers from cattle horn shavings and horn core powder decomposed during the periods of autumn-spring and spring-summer. Therefore the amount of mineral nitrogen compounds increased in 0-30 cm soil layer. Intensity of decomposition was different in different years depending on meteorological conditions in the period of wheat vegetation. In the event of warm and damp weather more mineral compounds formed and due to fertilization their increase was essential.
Leaching of mineral compounds into a deeper 30-60 cm layer was different in different years and depended on meteorological conditions of wheat growth period. Due to higher temperature and greater humidity, horn shavings and horn core powder significantly increased the content of mineral nitrogen compounds in this layer.
Additional treatment of winter wheat with different rates of horn shavings in tillering stage increased the content of mineral nitrogen compounds which was different in different years. 
